Introduction {#S1}
============

Surgery causes injury to the body, resulting in an acute pain, and its magnitude is generally correlating to the procedure ([@B1]). Acute pain usually resolves when the injury heals (hours to days) ([@B2]). However, unrelieved acute postoperative pain has detrimental effects. Adequate pain assessment and management are essential components of perioperative care.

Phenomenon of acute pain is complex and multifactorial. Therefore, analgesia in perioperative settings is optimally achieved by using a multimodal approach with a combination of two or more analgesic medications or modalities with different mechanisms of action, to provide additive or supraadditive synergistic action with fewer adverse effects when compared with a single analgesic medication or modality ([@B3], [@B4]). The concept of the World Health Organization (WHO), analgesic ladder, implies three steps. For mild pain (step 1), a non-opioid analgesic and optional adjuvant are recommended, while in case of moderate pain (step 2), combination of weak opioid with a non-opioid analgesic and optional adjuvant should be used. For severe pain (step 3), combination of strong opioid with a non-opioid analgesic and optional adjuvant are suggested. As far as surgical patients are concerned, it means that the agent or combination of agents should be effective to reduce the pain to an acceptable level, with minimal number of adverse drug reactions, adjusted to the type of surgery, underlying diseases, and cost of therapy. For patients experiencing mild to moderate postoperative pain, local anesthetic wound infiltration, peripheral nerve blockade or administration of non-opioid analgesic, such as an NSAID or acetaminophen, is an appropriate approach ([@B5], [@B6]). For moderate to severe pain after more-invasive surgery, an intravenous (iv) opioid (e.g., morphine, hydromorphone) or epidural containing local anesthetic and opioid is necessary.

Morphine is an archetypal opioid analgetic. Because it is a short-acting opioid, its use has been limited to the management of the acute pain. The frequency of administration necessary to maintain adequate blood level made it difficult to use morphine for chronic pain ([@B7]--[@B9]). On the other hand, for moderate to severe pain after more-invasive surgery, parenteral administration of morphine is necessary, such as subcutaneous, intramuscular, slow iv injection, or by iv infusion, for example, patient-controlled analgesia ([@B10], [@B11]).

An increasing trend in consumption of opioids has been observed worldwide. However, there are large differences between countries, depending on various factors influencing it ([@B12], [@B13]). In spite of their importance, small number of studies have been performed concerning the pattern of opioid analgesic utilization in hospital settings. The aim of this study was to determine the consumption pattern of parenteral morphine in patients hospitalized in the Serbian referral teaching hospital, during a 5-year period by using Anatomical Therapeutic Chemical Classification/Defined Daily Doses (ATC/DDD) international system and to correlate it with utilization at the national and international level. We hypothesized that the trend in parenteral morphine consumption in our hospital will be positive during 5-year period.

Materials and Methods {#S2}
=====================

This study was a retrospective, descriptive, and analytical cross-sectional study performed in the Serbian military referral teaching hospital, Military Medical Academy, Belgrade, Serbia, during a 5-year period (from 2011 to 2015).

The data on parenteral morphine consumption in surgical patients of the hospital (intensive care unit) were analyzed according to the ATC/DDD international system for classification and consumption of drugs according to the WHO's measurement methodology ([@B14]). In the ATC, drugs are classified into different groups based on their mechanism of action on organ or organ system and according to the therapeutic, pharmacological, and chemical properties. DDD values are actually the assumed average maintenance dose per day for a drug used for its main indication for an average adult. DDD per 100 bed-days was used as a measurement unit for analyzing consumption of parenterally administered morphine. It was calculated by using the following equation: $$\text{DDD/100> bed/day} = \frac{\text{Consumed quantity~per~year~(mg)/DDD}}{365 \times \text{Number of beds } \times \text{Occupancy~index}} \times 100.$$

The amount for parenteral morphine of standard DDD and ATC code is 30 mg and N02AA01. In the surgical intensive care, morphine was used per protocol, as continuous iv infusion at the dose of 0.01--0.05 mg/kg/h, with iv bolus 1 mg if numeric rating scale is higher than 4. The indications for systemic morphine postoperative analgesia were major abdominal, vascular, and thoracic surgery, polytrauma cases in case of epidural catheter absence, or malfunction.

Microsoft Office Excel 2007 software was used for statistical analysis. Data from our hospital during the period from 2011 to 2015 were used for trend analysis. The continual variables were presented as mean value ± SD.

Results {#S3}
=======

During the observed 5-year period, 21,971 patients were operated on and treated by parenteral formulation of morphine. The mean (±SD) number of treated patients per year was 4,394.20 (±385.79).

Table [1](#T1){ref-type="table"} shows distribution of all performed surgical procedures per year and the number of bed-days for the whole hospital, as well as the calculated number of bed-days per surgical procedures. The number of surgical procedures was steadily increasing during the whole observed period, from 2011 to 2015. However, the number of inpatient bed-days and the number of bed-days per surgical procedures decreased from 2013 onward.

###### 

Number of surgical procedures and patient bed-days during the examined 5-year period in the referral, teaching hospital.

  Year     Number of surgical procedures   Inpatient bed-days    BD/s. proc.
  -------- ------------------------------- --------------------- ----------------
  2011     13,750                          301,154               21.902
  2012     14,555                          310,433               21.328
  2013     14,736                          307,467               20.865
  2014     15,752                          286,885               18.213
  2015     15,673                          263,600               16.819
  M ± SD   14,893.2 ± 835.4                293,907.8 ± 19217.9   19.825 ± 2.169

*BD/s. proc., bed-days per surgical procedures*.

On the other hand, Table [2](#T2){ref-type="table"} shows consumed amount of parenteral morphine based on DDD and DDD/100 bed-days units during examined 5-year period. The 5-year trend of parenteral morphine consumption is also demonstrated in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. The average number of DDD for morphine consumption as well as the average (mean ± SD) number of DDD/100 bed-days and DDD per surgical procedures increased from 2011 to 2013, then dropped in 2014, to 0.581 DDD/100 bed-days, and increased again to the value of 0.784 DDD/100 bed-days.

###### 

The consumed amount of parenteral morphine in the hospital during the 5-year study period.

  Year     Morphine consumption (mg)   Morphine consumption (DDD)   DDD/100 bed-days   DDD/s. proc.
  -------- --------------------------- ---------------------------- ------------------ ---------------
  2011     31,600                      1,053.33                     0.350              0.077
  2012     58,000                      1,933.33                     0.623              0.133
  2013     80,000                      2,666.67                     0.867              0.181
  2014     50,000                      1,666.67                     0.581              0.106
  2015     62,000                      2,066.67                     0.784              0.132
  M ± SD   56,320.0 ± 17,655.4         1,877.3 ± 588.5              0.641 ± 0.200      0.125 ± 0.038

*DDD, defined daily doses; s. proc., surgical procedures*.

![The trend of parenteral morphine consumption based on defined daily doses (DDD)/100 bed-days unit during the examined 5-year period.](fpubh-05-00232-g001){#F1}

![The trend of parenteral morphine consumption based on its number of defined daily doses per surgical procedure (DDD/s. proc.) during the examined 5-year period.](fpubh-05-00232-g002){#F2}

Taking into account all obtained data, it can be seen that although the number of performed surgical procedures in our hospital steadily increased from 2011 to 2015, the number of inpatient bed-days decreased from 2012, onward. However, the consumption of parenteral morphine varied and did not completely follow this trend, although it was positive.

Discussion {#S4}
==========

We partly confirmed working hypothesis of our study, since there was the positive trend in the consumption of parenteral morphine in our hospital, although not during the whole observed 5-year period. Drug utilization studies are important as they provide valuable data analyses for particular time period, heath care setting or population, as a whole ([@B15]--[@B18]). Moreover, we can evaluate the effects attained by therapeutic interventions ([@B12]). The various patterns of drug use should enable making national or international comparison, and, if necessary, policy changes ([@B13]). An increasing trend in the consumption of opioids has been observed worldwide in the last two decades ([@B19], [@B20]). However, according to the WHO data from year 2003, six developed countries accounted for 79% of global morphine consumption, while developing countries only accounted for 6% ([@B19], [@B20]). North American and Western European countries consume the majority of the morphine produced in the world even though the combined population of these areas is 17.2% of the world's population ([@B19], [@B20]). However, European countries themselves had different trends in the opioid utilization. Study performed from 2002 to 2006 showed increased consumption of opioids in all Scandinavian countries, except Sweden, concerning oxycodone, fentanyl, and methadone ([@B21], [@B22]). Morphine had decreasing consumption trend ([@B21], [@B22]).

Opioid consumption level in Spain, Italy, Greece, and Croatia was significantly lower than in Germany, Austria, Belgium, and Denmark ([@B22]--[@B24]). Our previous investigation showed that the total opioid analgesic consumption in Serbia, in 2012 and 2013, was 8.83 and 8.55 times lower than in Croatia, respectively ([@B25]). Despite high opioid consumption in world's six high developed countries, data show that only 24% patients with pain in these countries were adequately managed ([@B26]). Despite an increased focus on pain management programs, many patients continue to experience intense postoperative pain ([@B27], [@B28]). Studies carried out in Danish hospitals revealed that the intensity of pain was not evaluated in 55% of patients on postoperative day 1, in 71% on postoperative day 2, and in 84% on postoperative day 3 ([@B29], [@B30]). Findings indicated uncontrolled pain in 45.5% of patients. Patients who experienced severe pain received only 50% of available strong opioids and 73.3% of available weak opioids ([@B29], [@B30]). Despite the available guidelines for acute pain management, which are evidence based and available for free download, only in 14% of patients, pain is treated based on guidelines ([@B27]). Similar reports can be found from the US hospitals ([@B31]).

Parenteral morphine consumption in our hospital was much lower in the observed period from 2011 to 2015 and not more than 0.867 DDD/100 bed-days. It is difficult to comment our data, as only few drug utilization evaluation studies concerning the consumption of parenteral opioids in hospital settings, based on the ATC/DDD system, were published ([@B32], [@B33]). Study from Spain evaluated the use of parenteral opioid analgesics in one university general hospital ([@B32]). During 4-year period (2004--2008), consumed amount of morphine was 3.59, 3.73, 3.6, and 4.3 DDD/100 bed-days, respectively ([@B32]). According to data from referral teaching hospital in Iran, parenteral morphine consumption was 7.83 DDD/100 bed-days during year 2013 ([@B33]). On the basis of these data, we had significantly lower parenteral consumption then published studies. One reason was the fact that parenteral morphine was prescribed only for pain management in patients hospitalized at the surgical intensive care unit. In the previously mentioned studies, parenteral morphine was prescribed for patients at surgical wards and internal medicine wards. It is impossible to assess the quality of pain management at the ward for our hospital, as we do not have patient reported data. What is known that only non-steroid anti-inflammatory medications per patient request were used at the ward for postoperative pain management, even on the first day after major surgeries including abdominal, vascular, and cardiothoracic surgeries. Based on our experience, it is obvious that the lack of knowledge and interest to implement particular medications among medical staff is the root of the problem. Above all, the non-existence of acute pain team makes pain management and assessment on the ward more difficult.

The low level of morphine use in our hospital was in accordance with national data, which show that the consumed amounts of parenteral morphine in the period from 2012 to 2015 in Serbia were 0.015, 0.005, 0.010, and 0.009 DDD per 1,000 inhabitants per day, respectively, according to the Medicines and Medical Devices Agency of Serbia ([@B34]). As it was already mentioned, total opioid analgesic consumption in Serbia, in 2012 and 2013, was even 8.83 and 8.55 times lower than in Croatia, respectively ([@B25]). In general, consumption of morphine in Croatia was higher in comparison to Serbia, according to data in 2007 onward ([@B22], [@B34]--[@B36]). Moreover, study performed in nine western European countries (Belgium, Germany, Italy, Norway, Spain, Ireland, United Kingdom, Portugal, and Netherlands) has shown that the consumption of morphine was the lowest in all countries in comparison to other opioid analgesics (fentanyl, tramadol, and codeine); morphine consumption was about three times lower comparing with the consumption of transdermal fentanyl ([@B37]). Even in some hospitals in the United States, parenteral morphine boluses are routinely given at lower doses compared with other opioids or patient-controlled analgesic dosing ([@B38]). This habit can be a reason for inadequate patient analgesia ([@B38]). Unfortunately, major factors for inadequate opioid dosage and treatment duration are unjustified fears of adverse opioid effects, including abuse, insufficient knowledge of opioid characteristics and insufficient training of medical staff.

The authors who have dealt with opioid purchasing and costs even relates low consumption of parenteral morphine with the fact that international non-proprietary name morphine, unlike other opioids, has not known brand name linkable to the this chemical compound or is of less interest in marketing due to its low market price ([@B37]). Serbia has experienced profound transformation concerning value-based medication consumption and expenditure during socioeconomic transition, due to an extreme combination of unfavorable events in the recent past ([@B39]). Consequently, difficulties in provision of sustainable financing and increasingly frequent shortages of pharmaceuticals are present ([@B40]). Above all, medication tenders have been shown as resource consuming, laborious, and risky job, which need time for adequate conducting ([@B41]). All of these facts influenced the purchasing and consumption of parenteral morphine at the Serbian market as a whole, as well as in our referral teaching hospital.

The limitation of our study is the fact that we have not evaluated the trend in the consumption of other opioid drugs in the hospital and compared it with parenteral morphine. However, there are not many studies in worldwide dealing with this issue, based on ATC/DDD international system. Therefore, we started with consideration of parenteral morphine, one of the rarest used analgesics in our hospital, to evaluate its consumption. On the basis of our experience, we can achieve better pain management program by organized multidisciplinary team consisting of anesthesiologists, neurologists, neurosurgeons, and clinical pharmacologists, with educated medical staff.

Conclusion {#S5}
==========

Parenteral morphine consumption in our hospital was much lower in comparison with available data concerning other hospitals, as result of limited opioid prescription. Although the number of surgical procedures was steadily growing, the parenteral morphine consumption did not follow this trend all the time. The low level of morphine use in our hospital was in accordance with national data. Comparison with other countries indicated that morphine consumption applied for medical indications in Serbia was low. Adequate provision to ensure and not to unduly restrict the availability of drugs that are considered indispensable for medical and scientific purposes, such as opioids, is necessary within each country. Better education and training of medical staff, as well as multidisciplinary approach, should enable rational medication application and patient-tailored pain management in the future, not only within the hospitals.
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